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Evidence for Dark Matter

Strong evidence for dark matter from astrophysical and cosmological observations® o0

V (km s!)

Hints that non-luminous matter is needed” to explain the observation is found on >0

%

several scales

—

1

® galaxies » rotation curves

%

@ Ordinary Matter
@ Dark Matter

® galaxy cluster collisions » weak lensing

® cosmological scale » CMB, large structure
formation

I

but: results are based only on gravitational effects

» What is the fundamental nature of DM?

*) based on General Relativity being the correct description of the

gravitational interaction on large scales

ATLAS



https://arxiv.org/pdf/astro-ph/9909252.pdf
https://arxiv.org/abs/astro-ph/0511345
https://arxiv.org/abs/1807.06208

Searching for particle DM

SM

e

Indirect detection

colliders

—_—

DM

direct detection

£

ATLAS

Three complementary strategies to search for

dark matter particles in the laboratory

(if the SM and the dark sector interact more than
gravitationally)

At colliders:
possibility to create dark matter particles if

kinematically accessible

DM particles leave no observable signals in
the detector

» missing transverse momentum signatures



EY”?”S reconstruction

= DM particles escape detection

= nomentum imbalance in transverse
plane

Evs== )2 Pwi™ 2 P )

i € hard objects j € soft signals

Eiss = (Emiss, miss)
LSS — | MILS'S |
L T ET

*) negative vector sum of the momenta of all reconstructed

hard objects (jets, electrons, photons, muons, taus) in an
event + soft term (tracks that are associated to the primary
vertex but none of the hard objects)
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Higgs connecting the SM with the dark sector
Higgs (?)

Standard & -
N . 4 Dark Sector

Connection between the SM and the dark sector via the Higgs sector proposed by
many models, two possibilities discussed today:

» extended Higgs sector portal models » DM production in association with a Higgs boson

> Higgs porta\ models » invisible Higgs decays



Extended Higgs sector portal models

» DM production in association with a Higgs boson

Benchmark simplitied model used is “2HDM+a”

(see e.g.[Phys.Dark Univ. 27 (2020) 100351])

Different signatures can be compared (& combined)

» two production modes, that have influence on the kinematics:

ggF (low tanf) and bbA (high tanf)

“«Z'’2HDM” model

>
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Extended Higgs sector + new vector
mediator

strongly constrained by dijet searches
and B-physics results

still used as benchmark model,
interesting for highly boosted region

(high mz)
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https://arxiv.org/abs/1810.09420
https://link.springer.com/article/10.1007/JHEP05(2019)142

Mono-H(bl_9) A = = (5

t,b T
[ATLAS-CONF-2021-006] <£ \ <x <
X

Events selected with 22 b-tagged jets and E** > 150 GeV

[ATLAS-CONF-2021-006] [ATLAS-CON F-2021-006]
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[see e.g. ATLAS-CONF-2018-039]

Resolved Merged P

E;}}iss < 500 GeV E;}}iss > 500 GeV

First result including also a “z3 b-tag” category for better

sensitivity at high tanf3



https://cds.cern.ch/record/2632344/files/ATLAS-CONF-2018-039.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/

Mono-H(bl_9) result

Simultaneous binned ML fit in the signal and control

regions, my and EJ" are the fitted observable in the

signal region

Look for an excess of events in the mass spectrum

around my=125 GeV

. . [ 12
» no significant

m, [GeV]

excess observed, 1

results interpreted
as upper limits at

95% CL on the signal
cross-section
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/

Mono-H(yy) ET™S .

[ATLAS-CONF-2020-054]

Provides complementarity with h( — bb) + E;’iliss channel
» Use of diphoton trigger (instead of E/'** trigger) allows for unique
sensitivity in the low E?i“ range (<150 GeV)

Events required to contain:
» 2 photons 105 <m,, < 160 GeV

> EIMS > 90 GeV
« all objects reconstructed w.r.t. the vertex selected based on
directional information of the photons

S s [NGeV]

Background rejection cuts:
° E?iss(diphoton VX) — EY”f’iSS(hardest VX) < 30 GeV
« reject fake EI™* from incorrect jet-vertex association
® clectron & muon veto « reject Vy and Vyy backgrounds

Categorisation performed with BDT, using 2 input variables:
° SE_rlpiss = E'rPISS/\/Z ET

o pZ’l_y

14

12

Low ET"** BDT tight boundary

----- 'S BDT loose boundary
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BDT Score


https://cds.cern.ch/record/2743083
https://cds.cern.ch/record/2743083

Mono-H(yy) result

Shape analysis: unbinned fit on the invariant diphoton

mass m,,, performed simultaneously in all 4 signa

categories

"SM Higgs” peak and signal: m,, shape
modelled with double-sided Crystal Ball
function (gaussian core and power laws
in the tails)
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[ATLAS-CONF-2020-054]

Non-resonant BG modelled by smoothly talling

function » functional form based on MC templates,

parameters estimated from data

» no significant excess above the SM prediction

observed
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https://cds.cern.ch/record/2743083
https://cds.cern.ch/record/2743083
https://cds.cern.ch/record/2743083

gluon-gluon fusion @
49 pb ATLAS

Higgs portal: invisible Higgs decaysg

it m, < my,/2, Higgs boson could decay to dark matter dominant at LHC, bub

g experimentally challenging
particles X
q q -
_____ I:I . ve«:?)r.bosa-m o H&ddé&iomai. pair
N:_SL(;M p c.:% qu,arlf-w
P Kimdu&a&je&s
X
In SM, invisible decay H — ZZ* — 4v has very small " b
W*/z 7
branching fraction ~0.12% | ’ 3 b
q H 9. ©
5 o
BSM models increase the H(inv) branching fraction to _ o 8
up to O(10%) A H
. ~Mo.8 Fvb

Main Higgs production modes at the LHC

11



VBF H—-inv + photon

[ATLAS-CONF-2021-004]

First search of invisible decay of the Higgs boson
through VBF in association with an emitted photon

Improved background rejection and signal
reconstruction efficiency compared to typical VBF
H(inv) analysis

Dominant background contributions from
Z( — vv)y+jets and W( — £rv)y+jets

SM H — Z( — vv)y process has same signature as
signal, but negligible contribution in the signal
regions

q

x|

ATLAS
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https://cds.cern.ch/record/2758212

VBF H—Inv + photon analysis strategy & result A@S

[ATLAS-CONF-2021-004]

Preselection is relaxed compared to the VBF H—inv selection

- 103 L L B L L H e L

> large invariant mass m;; > 0.25 TeV M ATLAS Prellmlpary Post-fit ] o Data
> large pseudo-rapidity separation An; > 3.0 2 | \‘(/_|3|_:ij3g_evse1§r%gb . 1\ Uncertainty
> . . mlSS q) = NANNNE@N N NN - EW W+)/

arge missing transverse momentum E7** > 150 GeV T e e | mmsrong Wy

. EW Z+y

Requires a single photon: — ] =;Q’Ttr3r"/g <+
» 15 GeV < p;y < 110 GeV « upper threshold reduces y+jet — ] -yj-/jet W

background e s BN @ Lz -_ery

] et—

» C,> 0.4 « “centrality’, 1 if photon is centred between the I i -:eteg

two jets, O it inf. farther forward =+ By, =0.50)
Event classificat d | network e \

vent classification uses a dense neural network, o 1
categorised by the output score in 4 bins T OS;%%\%\ %\\\\\%\\\‘\ 1;\&\\\\%“\\\\” \\\E*\\;\\\\\s
0.8 |- & Data/Postfit_ Upcertainty «; Presostft | .\\_ R
0 0.25 1.0
Control regions defined to constrain the backgrounds Fake-eCR W, ,CR W, CR Zg, .. CR SR - DNN Score
Observed (expected) upper limit on the H—inv branching
fraction: C ( 4 ( Ny + 1 )2)
BRH-inv < 0.37 (0.34+0.15 4 41) y = SAPLT 2\l
(M = 1m) 2
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https://cds.cern.ch/record/2758212

VBF H—-iInv + photon

Additional H — yy;, dark photon interpretation provided

Unit Normalized

Dark photon model, coupling with the Higgs boson through a
U(1) unbroken dark sector

Different event classification due to the signature in transverse
mass defined by E7"* and the photon

m(y, EMiss) = \/ 2pIEPS1 — cos(eh, — iy

Events / Bin

Low and high m;; bin, different relative contributions of ggF and
VBF productions

] L
ATLAS Preliminary
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https://cds.cern.ch/record/2758212
https://cds.cern.ch/record/2758212
https://cds.cern.ch/record/2758212

VBF H—-linv

[ATLAS-CONF-2020-008] 1%
q

Two jets in the final state with distinctive features
» large invariant mass m;; > 0.8 TeV

> large pseudo-rapidity separation Az;; > 3.8

» large missing transverse momentum EY’?"SS > 200 GeV

Splitinto 11 signal region bins

Several CR to constrain the background
contributions

® \+jets background (Z

o We V,) tep&om Lost in
“~ reconstruction

® Multijet background estimated from
data

Events / 500 GeV
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£
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H Ay 4 Signal region bins for the search of VBF invisible Higgs boson decay AT LAS
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https://cds.cern.ch/record/2715447
https://cds.cern.ch/record/2715447
https://cds.cern.ch/record/2715447

VBF H—Inv results

Full Run 2 result with 139 fb-1

Observed (expected) upper limit on the
invisible Higgs boson branching ratio of

BRH-inv < 0.13 (0.13+0:05 4 54)

t 95% CL
d o)
CEI _III IIII I I I LI IIII IAITLIAIISIEI I. I. I I LI
reliminar
S 0% B, <0.11 13’ _
S - o s =13 TeV, 139 fb ]
S | All limits at 90% CL _
2 - .
% 10—41 | Higgs Portal Other experiments__
DE B %44 Scalar WIMP DarkSide-50 |
- SR Majorana WIMP e LUX ]
- == PandaX-Il
10 — ]
m— XenoniT
[ \\\“\\:‘::_\;‘-:
45 | eyt = —
1 O B \\\\\‘t\;ﬂ;? ]
7 \\\\\\\{‘ﬁ‘\\“‘v'}

— T i - —

10—47 | | |||2 ||||||3 .
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[ATLAS-CONF-2020-008]

Source A [%]
Jet energy scale 1.8
Jet energy resolution 55
Lepton 4.6
Other 1.9
Multijet 70 4—
V+jets theory 1.6
Signal theory 1.0
MC stats. 79 $—ou
Data stats. 17.3 4—

ATLAS
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https://cds.cern.ch/record/2715447

H—inv combination

[ATLAS-CONF-2020-052]

Full Run 2 combination

Includes as inputs:
1. search for invisible decays of the Higgs \ < 4

boson in the VBF topology iaras conr 2020008 P t iw 1

ATLAS

<

t 0
2. search for invisible decays of the Higgs - Bl <interorcted ISR H
: : . X1
boson in the ttH topology in 0l and 2| . by ?W: i .
g ;
channels [Eur.Phys.J.C 80(2020) 8, 737], [ATLAS-CONF-2020-046] b g
« reinterpretation
3. Run 1 combination [JHEP 11 (2015) 206] ¢ observed Channels Upper limit on BR(k — inv.) at the 95% CL
. . Obs. —-2std.dev. —1std.dev. Exp. +1 std.dev. +2 std.dev.
(eXpeCted) upper limit on BR;,,, of 0.23 VBF & 028 0.17 023 031 044 0.60
Z(— tOh 0.75 0.33 0.45 062 086 1.19
(024) « additionally includes a more general coupling fit V(= jjh 0.78 0.46 0.62 0.86 1.19 1.60
Combined Results | 0.25 0.14 0.19 0.27 0.37 0.50
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https://cds.cern.ch/record/2715447
https://arxiv.org/abs/2004.14060
https://cds.cern.ch/record/2728056
https://arxiv.org/abs/1509.00672
https://cds.cern.ch/record/2743055

H—-inv combination results

Observed (expected) upper limit on
the invisible Higgs boson branching
ratio of

BRy-inv < 0.11 (0.1110.04 5 43)
at 95% CL

95% CL upper limiton B, .

£

ATLAS
1 [ATLAS-CONF-2020-052]
— I I I I —
= ATLAS Preliminary E
0.9 = \s=7TeV, 4.7 b’ - CE)bser}[/eCclzl =
0.8 [s=8Tev,20.3fb" == =Ho8C0 =
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0.7 = —
0.6 =
0.5k =
0.4 =
0.3 - _i
0.2F =
o1 —_— q
= | | | |
0 ttH VBF Combined Combined Combined
Run 2 Run2 Run?2 Run 1 Run 1+2

\

strongest individual
conskraint

1
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https://cds.cern.ch/record/2743055

[ATLAS-CONF-2021-006]

® More exciting results coming out (e.g. [ATLAS-CONF-2020-034]) that allow to
further explore the parameter space (see also Guglielmo’s talk on DM

[ATLAS-CONF-2020-054]

900 tang = 1.0, sind = 0.35,m, = 10 GeV
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h(yy) + Ej‘ss, 2HDM-+a, Dirac DM
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[ATLAS-CONF-2020-052]

©,2000 S > 20% - = = Expected Limit 3
E<E18OO Y Oexp —:
+2 Ogyp .
1600 arXiv:1903.01400
Full Run 2 results of searches of DM 1400 - —
. ) . 122 = o ]
poroduced via a Higgs boson orin 0 ATLAS Preliminary -
Lo : : 1000 = (s=13TeV, 139"
association with a Higgs boson 800 B n(bb) + ET' E
C ~All'limits at 95% CL ]
600 e 2HDM+a -
» PSR S A ggF production, tanf =1 -
400 =" o sind = 0.35,m =10 GeV
200 & g =1m=m=m; 7
. Res |tSintheMon°-Hi sSi nature _|||||||||||||||||||||||||X|||||||||||||||||_
uits |1 99s sIg 100 200 300 400 500 600 700 800 900
in the bb and yy channel m, [GeV]
® New H—inv+photon analysis presented that was performed for the 1
first time 1 09
° . . . . m
® The results on the H—=inv branching ratio improved in the _ 0.8
. . . . o
combination to an upper limit of = 07
BRy-iny < 0.171(0.11+0.04 4 3) = 0.6
S 05
>
—
@
>
O
(@))

searches!)
® Maybe the Higgs boson can help understand some of the properties
of the dark sector!

0.2
0.1

I I I I
ATLAS Preliminary

s=7TeV, 4.7 b’ —— Observed
/s =8 TeV, 20.3 fb‘11 i Eﬁgected
Vs =13 TeV, 139 b — x 20

|

ttH VBF Combined Combined Combined
Run 2 Run2 Run?2 Run 1 Run 142
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https://indico.bnl.gov/event/9726/contributions/46369/
https://cds.cern.ch/record/2743055
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Mono-H(bb)

Resolved

Merged

Primary EZ™ trigger

Data quality selections

E%ﬁss > 150 GeV

Lepton veto & extended 7-lepton veto

AgGet, o 5 E7™) > 20°

EMS <500 GeV

ETS > 500 GeV

At least 2 small-R jets

At least 1 large-R jet

At least 2 b-tagged small-R jets

At least 2 b-tagged associated variable-R track jets

pry, > 100 GeV if EIT‘fliSS < 350 GeV
pry, > 300 GeV if E‘T‘rliSS > 350 GeV

mZ™ > 170 GeV

my™™ > 200 GeV

S>12

Nsmall-R jets < 4if 2 b-tag
Nsmall-Rjets < 5if >3 b-tag

50GeV < my, < 280GeV

50GeV < my, < 270 GeV

Fractional squared uncertainty on u

Source of uncertainty Z’-2HDM signals, (m7,, m4) [GeV]
(800, 500) (1400, 1000) (2800, 300)

Z+HF normalisation 0.11 0.03 <0.01
W +HF normalisation 0.02 0.01 <0.01
tt normalisation 0.16 0.04 <0.01
Z modelling uncertainties 0.02 0.07 <0.01
W modelling uncertainties <0.01 0.01 <0.01
tt modelling uncertainties 0.13 0.05 <0.01
Single t modelling uncertainties 0.18 0.02 <0.01
Other modelling uncertainties 0.05 0.01 <0.01
Jets 0.20 0.06 0.01
b-tagging 0.01 0.01 0.04
E‘T‘fliSS soft term and pile-up <0.01 <0.01 <0.01
Other experimental systematic uncertainties 0.01 <0.01 <0.01
Signal systematic uncertainties <0.01 <0.01 <0.01
MC sample statistics 0.08 0.07 0.11
Statistical uncertainty 0.27 0.61 0.79
Total systematic uncertainties 0.73 0.39 0.21
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/s =13 TeV, 139 fb’ —
h(bb) + E_T'SS
All limits at 95% CL _
2HDM+a —
bbA production, tanp =10
sinB = 0.35, m = 10 GeV
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VMono-

Uncertainties

H(yy)

Backgrounds [%]

Source Signals [%] . Non-resonant
SM Higgs boson background
Experimental
Luminosity 1.7 1.7 -
Trigger efficiency 1.0 1.0 -
Vertex selection (inclusive cat.) 0.01 0.01 -
Photon energy scale 1.0 1.2 -
Photon energy resolution 0.3 0.4 -
Photon identification efficiency 1.3 1.3 -
Photon isolation efficiency 1.3 1.4 -
ATLFASTII simulation 2.0 - -
E‘T‘rliss reconstruction and jet uncertainty 2.8 1.7 -
Pile-up reweighting 23 2.0 -
Signal efficiency interpolation <13 - -
Non-resonant background modelling - - 6.8
Theoretical
Factorization and renormalization scale in migration 1.3 35 -
PDF+as in migration 1.2 1.0 -
Factorization and renormalization scale in cross section - 2.8 -
PDF+as in cross section - 2.8 -
Multi-parton interactions, ISR/FSR, hadronization 3.0 3.0 -
B(H — yvy) 1.7 1.7 -

Post-fit event yields:

Category High E,}“jss BDT tight High Efrniss BDT loose Low E{Piss BDT tight Low E{I’jss BDT loose
Data 12 29 11 143
Backgrounds
SM Higgs boson 3.74 £0.25 3.40+0.28 3.12+0.23 99 +1.5
Non-resonant 7.8 £1.3 253 +23 9.8 1.5 130 <5
Total 116 +£1.3 287 2.3 129 +1.5 140 +5
ZI,B model, mz = 1000 GeV, m,, = 50 GeV
Signal yields 0.7 +3.1 0.1 0.6 0.1 +£0.6 0.1 0.6
Z’-2HDM model, m4 = 800 GeV and m,, = 500 GeV
Signal yields 0.6 +3.1 0.1 04 0.05 +0.26 0.03 £0.17
2HDM-+a model, m4 = 600 GeV, mg = 200 GeV, tan 8 = 1.0, sin8 = 0.35
Signal yields 0.6 +3.1 02 =12 0.1 0.5 0.1 +£0.7
Category Category name Selection
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“222%% Non-physical region

hiyy) + E_TiSS, 2HDM-+a, Dirac DM
M. oy = 600 GeV, sirg =0.35,m, = 10 GeV

ATLAS Preliminary
{s=13 TeV, 139 b’

[ATLAS-CONF-2020-054

1 high E%iss, BDT tight
2 high Errf‘iss, BDT loose
3 low EX5 BDT tight
4 low E{Fniss, BDT loose

EMSS > 150 GeV,
EXSS > 150 GeV,
EMSS < 150 GeV,
EMSS < 150 GeV,

0.950 < BDT score < 1
0.694 < BDT score < 0.950
0.864 < BDT score < 1
0.386 < BDT score < 0.864

Limits at 95% CL 7

ATLAS

DM-nucleon cross section [cr]
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107 N
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—— Run 2 ttH
—— Run 2 VBF
—— Run 1 Comb.

= Run 1+2 Comb.

—— Observed
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g_ . ---- Expected
v ]
(b) Example diagram for the strong Z+jets back (c) Example diagram for the electroweak VBF Z+jets Og | \," LY
process background process -01 0 01 02 03
[ATLAS-CONF-2020-052] B, ...,
q Z v
v Analysis [T\gf] e %?b@iﬁosny E’)ZSLE: u%EZ?rﬁfrit u]ffﬁgf Cl%rerﬂt Reference
Source A [0]0] v q Run 2 VBF 13 139 0.0079:97 0.13 0.137005 | [42]
) ) Run 2 ttH 13 139 0.041920 0.40 0.367015 | This document
Jet energy SCEllC 1 8 9 9 Run 2 Comb. 13 139 0.0070 05 0.13 0.12+0:9% | This document
) ' @ E le di for the electr K dib Run 1 Comb. 7,8 4.7, 20.3 —0.021913 0.25 0.27 008 | [36]
Jet Cnergy I'CSOlllthn 55 ramp’e lagrdin JTor the cletiroweak ¢iboson process Run 142 Comb. | 7,8,13  4.7,20.3,139 0.0075 00 0.11 0.11799% | This document
Lepton 4.6
O ther 1 9 Process SR Loy W., W W, Fake-e CR
) Z strong 6810 £ 430 1394 £+ 81 48 + 11 193 £+ 21 241 + 23 153 = 18
Multijet 7.0 Z EWK 2660 + 320 634 + 75 12 4+ 1 41 £ 2 53 4+ 2 26 + 2
W strong 3750 = 270 - 3530 = 230 6730 £ 390 10260 &+ 610 1760 £ 140
. W EWK 1380 £ 130 - 2140 £+ 210 3770 £ 370 5910 & 570 1120 4+ 120
V+~]ets theOry 16 Fake-e - - 239 £+ 62 - 239 £+ 62 1190 = 180
Signal theory 1 O Multijet 740 4+ 280 - - - - -
Other 155 £+ 27 37 £ 27 322 + 50 395 = 60 720 £ 110 57 &+ 7
Tot. bg. 15490 £ 130 2065 4+ 44 6288 £ 75 11130 &= 110 17420 £ 150 4300 += 66
MC stats 7.9 g
H (VBF) 647 £ 52
Data stats. 17.3 H (ggF) 90 + 43 Predicted signal for B;,, = 13% (observed limit)
H (VH) 0.81 + 0.14
Data 15511 2050 6323 11095 17418 4293
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VBF H—-linv

Owimp-nucleon [CMF]

Post-fit
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0 — ATLAS Preliminary
[TT] I T T T T171T] I T T T 111 ATL|A||S|I|:;| I I T T T T17TT] B _6_13Tev 139fb1
reliminar - ___
107 |— B.,<0.11 1y ] S 10° £
i Vs =13 TeV, 139 fb’ | >
| All limits at 90% CL _ L
1 0—41 | Higgs Portal Other experiments__|
i %k Scalar WIMP DarkSide-50 10°
S Majorana WIMP i LUX
10_43 == PandaX-Il
m— XenoniT
s 10
107 un‘:‘;‘ﬂ:&www ]
_/-—)'/ 2 15 =
— — D 405
10—47 II| | | | IIIII| | | | IIIII| | | | IIIII| | | | IIIII| % 0098
1 10 107 10° 10* a RS .
) ) ) m [GeV] 12345678910111234567891011
[ATLAS-CONF-2020-008] WIMP Fake-e CR W., CR
2 4 £2
P - ’lﬁss My Sy
SN 16 (mg + my)?’
Table 11: Parameters in the Higgs-portal dark-matter model. ”mH § N
22 m?, 2
. ) HVV NN
Vflcuum expectation value v/V2 | 174 GeV VN T 167””11 (my +my)?’
Higgs boson mass my 125 GeV 2
Higgs boson width [y | 407 MeV st _ My mymyfy
Nucleon mass my | 939 MeV N AnA2m?, (ms + my)?
Higgs—nucleon coupling form factor | fy | 0337029

[JHEP 01 (2016) 172]
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B W strong
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https://cds.cern.ch/record/2715447
https://arxiv.org/abs/1508.07869

VBF H—>|nv + photon

Yields for the #(inv) search

£

ATLAS

SR - DNN output score

= ——— . _ g ¥ v
® [ ATLASPreliminary Post-fit 0w Nty Process | Fakeme OR - We, CR Wy R Znovcen CR 1 0095 02506 0608 0810
0, C {s=13TeV. 139 fb" Bl svons 2+ W e i Strong Z-+ jets 6L 7 0.5+ 1.3 2+ 2 53L 7 30L7 K5+ 12 10+ 3 0.9£ 0.3
o 1g°L SRinBH-W) i EW Zy+ jets 0.6£02  03£02  0.5+0.3 7+ 1 1442 39+ 4 28+ 4 10+ 2
D g B strong Wy =W Wy E Strong W~ jets 44+ 8 46+ 8 129+ 18 21+ 5 29+ 10 30+ 13 7+ 3 0.14 0.4
g Ll LUz ] EW Wr+ jets 20+ 5 34+ 6 64+ 10 1.6+ 0.4 541 8+ 2 54 1 1.1+ 0.5
aQ - - H125(B,, =0.02) ... HS00(B,, =0.01) 7 jet— ~ 1+ 1 24 2 3+ 2 2+ 2 24 2 24 2 0.8 0.8 -
< 10 E jet— e 33+ 16 5+ 3 — — — - — —
o ] e — - 26+ 04 2.9+ 04 134 1 04 1 0+ 1 1.9+ 0.3 0.3 0.1
LI ~ + jet - - - 0.7+ 0.5 0.8£0.6 0.6+ 0.5  0.04% 0.03 -
10 T e o tty [V yy 34 1 84 2 124+ 2 34 1 4+ 1 24 1 0.9+ 04  0.01£ 0.01
Total Bkg 108+ 10 O7L 7 214+ 14 101% 7 03+ 8 146+ 11 56+ 6 13+ 3
5 H By, =1) . . - 0+ 1 T+ 1 10+ 5 39+ 5 10+ 2
Data 108 05 216 108 04 146 51 16
top e Data/Bkg 1.00+ 0.14  0.98% 0.12 1.01£0.09  0.994 0.12 | 1.014 0.14 1.00£ 0.11 0.91+ 0.16 1.194 0.38
®) I el i
= . SR ; N .
TR SRR REAAR SSLANUSLMARRAN selection cuts
§ e s
: -®- Data/Bkg \\\Uncertainty = Pre-/Post-fit == 1+Signal/Bkg + i Variable SR W,y CR ny CR Z%ev Cen. CR Fake—e CR
OS5 v v 0 v 0 e ()[GGV] > 60
0 50 100 150 200 250 300 350 400 450 500 (i) [GeV] C 5o
[ATLAS-CONF-2021-004] my [GeV] 2,3
Nb—jet < 2
_ . Ad;; < 2.5 [2.0
Source lo Uncertainty on By,, 1o Uncertainty on B(H — v7y4) A | > 3.0
Data stats. 0.106 0.0051 n(j1) X n(J2) <0
V A+ jets theory 0.056 0.0028 C3 < 0.7
MC stats. 0.045 0.0026 ”3:3@ . e 0.25 . .
Jet Scale and Resolution 0.045 0.0011 | rreliss],lep—rm g R g g =
Photon 0.039 0.0011 Er 0 GeV] — > 150 > 150 — > 150
. . . EJets,no—Jvt [GGV] > 130
e — 7, Jet—> €,y Bkg 0.026 0.0024 A¢< mlss Jlep- rm) <> 1.0
Pileup 0.025 0.0004 N, Ik 1
WA+ jets/Zvy+ jets Norm. 0.021 0.0005 () [GeV] > 15, < 110 [> 15, <max(110,0.733 x my)]
0.012 0.0003 C, >04 >04 > 0.4 < 0.4 > 0.4
Signal theory 0.004 0.0010 A (y, ER>eprm) > 1.8 []
Lepton 0.002 0.0008 Ne 0 L Le 0 Le
Total 0.148 0.0071 (£) [GeV] > 30
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